Rationale: Acute appendicitis is one of the most common causes of acute abdomen in children, yet it is difficult to diagnose in young children because its clinical manifestations may be atypical. Here, 3 atypical clinical cases associated with appendicitis in children are reported.
Introduction
Acute appendicitis is one of the most common cause of acute abdomen in children, yet it can be difficult to differentiate from causes of acute abdomen. Morbidity in children is high, with an overall frequency of appendix perforation of 12.5% to 30%. [1] An accurate and early diagnosis of acute appendicitis is important to avoid both severe outcome and unnecessary surgery. However, to date, the diagnosis remains challenging because clinical signs, symptoms, and instrumental data can be nonspecific and unreliable especially in younger children. [2] Here, we report 3 atypical cases to enhance awareness for the early diagnosis of acute appendicitis in children.
Case reports

Case 1
The case is a male patient of 5 years old, who presented abdominal, intermittent fevers, and vomiting. The mother reported non-bilious, non-bloody emesis before presentation. There was no diarrhea, melena, changes in bowel habits, rashes, or toxic ingestions reported. She denied sick contacts and recent travel history.
On initial physical examination, the patient presented periumbilical tenderness, and did not have any abnormal findings in the right lower quadrant abdomen. Vital signs were as follows: heart rate: 142 beats/min; respiratory rate: 24 breaths/ min; blood pressure: 85/50 mm Hg; and body temperature: 38.3°C. He had dry mucous membranes but peripheral extremities were warm. All other initial examination findings were benign, including urinalysis and stool guaiac testing. Laboratory examination showed white blood cell (WBC) count 17.35 Â 10 9 /L with a differential of 86.15% neutrophils, 10.1% Editor: N/A. Study designing and writing of the paper was done by ZW.
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The authors declared no potential conflicts of interest with respect to the research, authorship, and/or publication of this article. lymphocytes, and C-reactive protein (CRP) 71.6 mg/L (reference range <8 mg/L). Other routine test results, including blood glucose, renal function, liver enzymes, and electrolytes were within normal reference range. Abdominal ultrasound (US) was unremarkable. Based on these evidences, the patient was immediately given antibiotics and intravenous fluid. After 12 hours following treatment initiation, the patient's abdominal pain persisted overnight. In order to avoid radiation exposure of computed tomography (CT), the patient underwent another abdominal US. The US revealed a 2.56 cm thickness in mesentery of the right quadrant (Fig. 1) , and a 0.94 cm deep right iliac fossa (Fig. 2) . At the same time, abdominal X-ray was also performed, showing air-fluid level or gas deposition on the right lower quadrant (Fig. 3) . Because the patient was suspicious of the acute abdomen, he was immediately transferred into another pediatric surgery department of hospital. He underwent abdominal CT scan at once, which showed increased appendix diameter and periappendiceal free fluid. In view of the diagnosis of acute appendicitis, the patient underwent appendectomy. The patient recovered well after surgery. The clinical data were shown in Table 1 .
Case 2
The 2nd patient is a boy of 7 years old, who was referred to our emergency department because of intermittent fevers and lower quadrant abdominal pain. He was suffering from vomiting, without bilious and bloody emesis. The patient was treated with intravenous fluid at another the third level hospital; however, his symptoms were not be alleviated. There was no diarrhea, changes in bowel habits, rashes, or toxic ingestions reported. On physical examination revealed mild tenderness in the lower abdomen, but no rebound tenderness and muscular guarding. The patient did not have any abnormal findings in the right lower quadrant abdomen. Vital signs at admission were as follows: heart rate: 112 beats/min; respiratory rate: 20 breaths/min; blood pressure: 95/65 mm Hg; and body temperature: 37.8°C. The peripheral extremities were warm. Stool testing was also unremarkable. Whereas urinalysis showed red blood cell count 2+, white blood count 1-2, and occult blood 2+ under high power microscope. Abdominal US showed unremarkable.
Laboratory testing revealed WBC, 17.9 Â 10 9 /L with a differential of 73.2% neutrophils, 14.7% lymphocytes, and CRP 114.9 mg/L (reference range <8 mg/L). Other routine test results, including blood glucose level, renal function, liver enzymes, and electrolytes were within normal reference ranges. In view of the above, the patient underwent abdominal CT scan. The CT showed data suggestive of acute appendicitis, and appendicolith up to 2 cm (Fig. 4) . Considering the diagnosis of acute appendicitis, an emergency surgery was performed. The appendix was enlarged, inflamed, and perforated. Appendectomy and abdominal drainage were performed. The patient recovered well in the postoperative period. The clinical data were shown in Table 1 .
Case 3
Case 3 is a female of 7 years old. She was admitted in the hospital for presenting intermittent fevers, abdominal pain, and forebreast discomfort. There was no vomiting, diarrhea, melena, changes in bowel habits, rashes, or toxic ingestions reported. Parents denied sick contacts and recent travel history. History and family anamnesis were unremarkable.
Physical examination revealed mild periumbilical tenderness, but no rebound tenderness and muscular guarding. The patient did not have any abnormal findings in the right lower quadrant abdomen. Vital signs at admission were as follows: heart rate: 104 beats/min; respiratory rate: 22 breaths/min; blood pressure: 95/65 mm Hg; and body temperature: 37.7°C. All other initial examination findings were benign. Laboratory testing revealed WBC, 22.63 Â 10 9 /L with a differential of 86.5% neutrophils, 9.3% lymphocytes, and increased levels of CRP at 146.9 mg/L (reference range <8 mg/L). Other routine test results, including blood glucose, renal function, liver enzymes, electrolytes, lactate dehydrogenase, and troponin were within normal reference ranges. Urinalysis, stool testing, and cardiogram were also unremarkable. US of abdomen showed unremarkable. Abdominal CT scan was performed on account of physical examination and laboratory data, indicating enlarged appendix in diameter without intraluminal stones (Fig. 5) . Because the girl was diagnosed with appendicitis, an emergency surgery should be performed. However, the patient and her parents strongly refused to undergo operative treatment. The patient's symptoms gradually improved on the second day after she was given antibiotics. On the 7th day of hospitalization, the patient was discharged in an asymptomatic condition. She was followed up after discharge without any symptoms, and appendicitis has not recurred yet. The clinical data were shown in Table 1 .
Discussion
Acute appendicitis in children is the most common condition requiring urgent abdominal surgery, and early diagnosis is critical in preventing perforation, abscess formation and postoperative complications. [3] However, the diagnosis of this condition is challenging. Patients with gastroenteritis may have abdominal pain accompanied by nausea, vomiting, diarrhea, or fever. Moreover, children are less cooperative with physical examination. These make the diagnosis more difficult. Similarly, our patient's presentation was nonspecific symptoms, all the patients did not have any abnormal findings in the right lower quadrant abdomen, Furthermore, 2 patients suffered from perforated appendicitis. It further proved that appendicitis in children presented atypically and perforation can be a possible complication. Therefore, physicians must realize that the signs and symptoms of appendicitis change during the physiological course of the disease.
History and physical examination alone has a low sensitivity and specificity, so imaging may play a key role in the accurate and prompt diagnosis of suspected appendicitis. Ultrasonography has become the preferred imaging option in the assessment of children with abdominal pain. [4] It is noninvasive, does not involve radiation, can be carried out repeatedly with minimal harm to the patient. However, it has its limitations: accuracy depends on the technical skills of the radiologist, and body habitus of the patients can affect imaging results. [5, 6] In particular, it is difficult to decide how to interpret a study when the appendix cannot be visualized accurately.
A meta-analysis of diagnostic performance of CT mainly in adults or adolescents demonstrated superior sensitivity (91%) and specificity (90%) for appendicitis compared to US (78%, 83%, respectively). [7] Therefore CT has been advocated for the routine assessment of abdominal pain because it demonstrates high sensitivity and high specificity in the diagnosis of appendicitis. However, CT scan is associated with high levels of radiation. Some studies report that 20% to 40% of CT scan performed in children for the investigation of abdominal pain revealed no intra-abdominal pathology owing to the risks of radiation exposure. [8, 9] Cases where the appendix cannot be visualized but clinical suspicion remains, present a diagnostic dilemma for the physician. In our study, the appendix was not seen on US in 3 cases, which may be related to body habitus. Two patients belonged to overweight according to body mass index. [10] However, the performed CT indicated enlarged appendix and stercolith. Therefore CT examination should be performed in children with suspected appendicitis especially for children with overweight or obesity, otherwise it will be misdiagnosed.
In addition, diagnostic scoring systems have been developed in an attempt to improve the diagnostic accuracy of acute appendicitis. The most prominent of those scores is that developed by Alvarado. [11] The modified Alvarado score is a more simplified and practical version of the original one and has been widely accepted after it was successfully tested in different studies. [12] However, prospective studies have suggested that diagnostic scoring systems alone are inadequate as a diagnostic test for appendicitis. It has been reported that the increased levels of WBC and CRP were helpful in the diagnosis of acute appendicitis. [13] [14] [15] Malia et al [16] reported that in the cases where the appendix is not seen on the US, the strongest predictors of appendicitis include 1 or more of these findings: inflammatory changes, increase in WBC or CRP, and <3 days duration of abdominal pain. When 1 or more of these findings was present, then the suspicion for appendicitis should increase. However, when all elements are absent the likelihood of appendicitis is decreased. In our study, all patients had increased WBC and CRP, days of abdominal pain 3 days, which was in accord with the report. [16] There are limitations in this case study. First, there are only 3 cases of appendicitis. Additionally, for patients who underwent appendectomy, surgical pathology reports were not obtained to confirm the appendicitis type.
In conclusions, due to atypical symptoms of children, the diagnosis of appendicitis is often delayed, suggesting that the Table 1 The clinical characteristics of atypical appendicitis. clinicians should be aware of this disease when encountering gastroenteritis patients with elevated WBC and CRP. Furthermore, abdominal CT scan should be taken into consideration when patients showed high level of WBC and CRP, whose appendix is not seen on US.
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